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(57) Abstract: An average signal point amplitude detection unit (15A) calculates an average position of an I component and Q 
component when a received QPSK modulation signal is demodulated. A threshold value calculation unit (1 5B) calculates a threshold 
value ths on the IQ plain according to the average signal point position of the received QPSK 
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modulation signal and a theoretical position of a signal point of a hexadecimal QAM signal on the IQ plain. By using this thresho 
value ths, a threshold value judgment unit (14A) performs the threshold value judgment of the I component and the Q component 
QPSK modulation signal successively received, thereby calculating a pseudo-bit error rate of the hexadecimal QAM signal. 
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5 J;5^UTtiV\ 

i£^{f^A5 o o©sft«p§P5 o i itm^mmB 6ooaw«^y 

— *ft©tr y Fi!J|#ttRe N P e £ttffibTil^P$lJ$Pgfl5 O 2 *Zl3§ 

fcfc}~f~<5o 

10 jgj£3EPfl*W«|5 5 0 2 fit. tf y MR 19 SfMBEHER e . Petl^, ? V is 
5 C ^RS_t. Mll«5 0 2T1t try Mft t? W^HER e , P e &ffi 

15 i ^) V^^HQPSKfl*S^rIt^t5WMftS 2£r 

^^•e— 1 6lQAMf-§-©t'-7 Mft ^^^glf^flftj; 
•9 < ftofrb tfcl 6{ttQAM^fl/^bQ P SKfit^i^t§l 

20 i:f4tb^^"efcS 0 fsrSfc^bs l6fiQAMWQPSKf 

P^UTtfy M^^ig;v^i^©X% tr 5/ MRtJWFrStf J: D t> 

25 V Vh£ < ^ofcatQP SK»f)l 6f QAMfStfi^S^ 
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«fc>K QPSK^fel 6«QAM£P^©3»^©W9#;fc&iBfl*fc:fT 
-T6i^§:ffMB 6 0 0^1 6fQAMlfy MR 9 *&*£^SB 6 0 SRWlfy h 

5 few ^mmM i o &Rrj\ e N p e &m%.<mmA 5 0 

roi^te^«g-ct±x *mmK£z>mm&m&fej7m*. (a 

10 R Q Automatic Repeat Request) £r?T 9 i§f§ ^ * 7" A ^jgffl-f & - *: 

(i) &wmmm&nttw 

15 Sff Lfc^*l£»0©W*&^3aHSB««# (ACK/NACKfif) Sr 

r^tfQP SKH6 QAM<DmX^MX^&Mfo&lZtyVm^%M!fcM 
miT&k. A R q sU^ffl £ tit V n 5 lift V* 7 s - A mjg JBi" 5 Sr^i" 
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*R«* (ACK/NACK) 0«SMV^tfcm«. «*J*16*Q 

AM-ea«&fro-cv^*£\ K^^^v^^^aasWB^©^*^ 

r5^(t Q PSK^16 IQAM-^ 0 #*©*i*r Srff 5 

5**6, N 1 6*QAMOJ:5K:ifyHlWQPSKJ:9«#tt^0l 
(2) Hllfi©»tt5©#^ WiftRXmR 

m 1 5 ic N 3Wfc©3«5 ©afi^f ^ 900 ©*^^r^i-o 0 1 5 ©a« 
^900 r-fi. mmmm 1000 ait §ge noo^i 
mmn&mt uc, aflt*trv\ iflsn 0 oo^awii 1 ooce 

o*>e>aflrttfti 1 oo^ont y ^t^^y ^ craiai*) . as^ift 

©jiff P y^liTy^!) >^ (±9 IUj») £ LTtftfli-3. 
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4: U-caeW^AKlQ P S K. SEP^AB JC 1 6HQAMSrS^t5o 

His tcasvvc, mss loooit «i«sflr» iooih ausasww 

ffiigg 1 0 0 2 4:, flF-i§-ffe8& 1 0 0 34:. Mfc£M$* 1 0044:. 1 

o o 5 bfrbUKM&z***. mimmi 1 ooit i o 

14:. 1^110 24, *yM«»l 1 0 3 4:. ^tB§P l 1 0 4 t . 
WMVmmmi l O 6 4:,ift»JtfemS&l l O 7 4:.fcffi*feS:W*JS&l 1 0 8 4:. 

rrtw'iwi loen mm(ormi<Dt?-y bmvmm^i 3 
muww tkmmi 1 0 6fi. mi eiii^tip^^^^s,, -t-&*>*>. 

spJSfll#Al«B*ffl» 1 2 0 i*s«fH*l 102 (015) frhMKK***> 

u#v^^twgpi 2 0 2^fii^-rsc wawttt* mM(DmMiv> 

W&k mMK, I Q¥®-f?© I WH&ft . I s Q«-^ ^ 
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L#vMe*m»i 2 o 2ft, s^«fc^UTV^£P^£9IR!>W14 

^77 1 2 0 311 mP^l 1 0 2HAA^««IQ^ 

mvwm 1204ft, mEmmz&m •? 

V^3W-Cfi«U*:«'K:«#*3EU< Ml "C* <5<1 *x 
Afcttfctt, »9«««12 0 4ft, QPSKWf«IQ^ ^ 

is roifs Bi6©i5 o . mmvwm 1 -era ut^y 

ft£««tl 0 Ollilfflil 1 0 0>6»afll**tfcl 6*QAMO»H 
BAT* (ACKfffffctiNACKjft) **»U ftfl»**«toWP«« 

25 Sl 0 0 2|:W^t5. 

^£Mf9P#l 0 0 2ft. ACKitfcNACK^^^SI 
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0 0 4Ktti*t5. JMW&fcW:* *S»I««I» 1 O 0 2 tt. ACKflttN 

a c Km#v>3tte®&** bNAc Km^(om&^m u nac Km^r<omm 

o 2 fix iB*i o>*— * h©f H K'NACKO«g^^©[H]i:*T[El5t^ 

*fcajS3EP*«»*l 0 0 2fi. NAC K©lS«©0t^-t^ ^^i^ 
Kite, ^Oiiff fiSttfigV^JBr b-CQP SK0l*a*»Rt5. 

^*ffc»l 0 0 311 a^*^^fe«9*W«F*ftUX»S«»l 0 
0 4tffl*t5. 0 0 311 i{ft5f^^CRCff 

-ett, «F*ffc»l 0 0 3H W?«lfW»»l 0 0 2^b^P^ 

SfMftgl o 0 2 ^bttl^ ^iifc^P^f *f-9<o 
fl^lr^tSo **8flW*i o 0 5(i, o o 4miav^* 

i o o Wfcv^^^-^fcCTi-sW^^^fc^^^^"*"* 0 * 

ur^ufc«*©aHa»*a«ftftfc*J^**Ha*9*ffl#i loec 
» 1 1 0 3(4, si^i i o 2A»bw***t/t«ttff»©»wft*ffv\ mm 
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UT, 10 614, ^PS£l 1 0 2**bW**^««<t-9^> 

*jeufc«wais*fc*w**w^* nos kb*-*-*. 

So 

^ffl^tti^^Pl 10 811 |R»3«tt^V>3!fiW^^^ s ^l*^'"^ VN 

$£Mi£ff§Pl 10 511 1 6«QAM8H)tWf*^V^l 6tfQ 
AMfi^OlI^ft (ACK/NACK) fcTs^y ^^^f^^c 
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— T% ACKttSHt*^ NACKtt«»*fc«t<>Okt*. 

jfef % Hfili l O ODK QPSK»©«*«MLW*»*fc:-ov* 

«ajs»a*»iio8a*bf±wa*9*w*iio 

ftftSfflft 1 1 O 5 T?HU tOltt»9*lfl«*^ v ^^ 1 6|fQAM© 
HtlCoV^«W^ACK/NACKit%iiltt^ 0 

. feQPSKWia^l6*QAMlcOt5. CtU^UT, NACKltf© 

mmmmi ioo^ i e*QAM©«»*Mrbwsftf*>v^o 

1 6fQAMtoV^O»i©l^tH^ 5 ^^^5„ 
i i 0 5 -Ctt, r©3ttRo»9*W**K:a^v^s l 6KEQAM 
15 ©if f|WV^t©ACK/NACKffi -^iHfli"^ 

nelQAM©^fi:t5o rtt^^ux, NACKlf^OiWflj; 
3fcW#ax»««:*7**rl 6«QAM*»6QPSK«iKl«St«. 

«»ft«fc»**»fl U afficftffl Lessen:*** e y 
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ft:j8. Q P S KT-fg ^-^^b-CV>5 t t lCQ P S KTH5i££2"WHf 

5 ^fc^^tmw^-^r^^y ^-ei^t UTi»wtm* (arq) £rfT? 
am* ttwetimm ut «t v\ * fern »? t aMm o ^mitm©^ 

15 mmmme) 

20 B17^ *^<DHJi^S6 ^SoiftiX^T 1 ^ 1 3 0 0 (D^Sr^To 

^Lv^wsrW-ra. m i 7^ii{t^«i 4 oott »DinE«F-fHb*i 4 

(Diijf^«i ooo il^5„ 

25 SfcHl 70alff^Bl 5 0 014, »5fHE*^f»l 501^ IR^tfeW 
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4;** 5. 5 0 211 5 0 3fcs HSfet* 

1 4 0 0 fcfcv^ «F#ft« 1 0 0 3(1 mm i" 5^"^ St»«5 ft 

3 ft, W«WPil 0 0 2^?>ti^l:fIt5^^Sitfeo^ 
Wim^^fW-otWBCH (6 3, 5 1) 

■cRW-rs. ^©«F*ft-e^ 5 1 ^ **** 1 2 e y 

Mttlt 1 5 0 0 OP 5 mE«M# 1501ft, tf y f W£» 1 1 

0 3fcJ:5#lb^fc»Wffi»*fc»0fnE*«m\ 

ffi^l 5 0 3 ^»U07i^t5. r©»0inE«#fl5tt. ilffi 
g il4 o Olc38»t*»0riEfff*«»l 4 0 l^ti5TO(C^l 
fc**fc«at?*9. r^IO«(4BCH (6 3, 5 1) ©M«b** 

Hi 8ft. Wi 5 o 3«^U Hi 6 k 

*»K9ft«*i 5 o 3ft. HOtHWi 6 0lk. KfiMK*K9* 
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HISS 1 1 6 0 2 t W U H^-^if tfcftt©^^©fi[f . iSO U 

i^frjERTIg^^J^i-S^El 6©l«a»0tftffi*i 10 6 1:^5. 

5 ilff ^1 1 4 0 0 ^*5V^XiH{f 7*—* ^tttfC 

RCfflCiS^^Wfft^l^^ciBCH (6 3, 5 1) fttiS 

«F#»=aE<5<»0ftW«yi«:fTV\ IR5tftffl«t*Sr#«-i:^±5. BCH^f 
10 5 0 

»9tHR*i e o if*. myw&Ri 2 o 4^*3v^r«R0 tmfe&frf^-y 

^iT« r± N ^ t^y MK^iiBCH (63, 51) n&<D—n*Hfr7 
6 3 if y M^rati-So 
16 JWH«#»9ttffl»l 6 0 211 BR9fHfc«l 6 0 lfrfeOfHWfr*:. 

16 0 lfc:fcV^tHR£*WU»!> tf jy Hfc&*Fr£«> if y h KRMMSrtMS t> ST 

try ^*alil9t^E^s^Bft*J:5**v^•*. «a«**t*ffl»i e o 2^ 
$ & ^jy^u*. mim-^m 9 tfetas 1 e 0 2 is 5 «*» 1 e 0 1 jc 

fcV^Tf^-m$t^fcBCH^ : ■§-^o^y^#^m , 9flJ^:tfy BCH (6 3, 
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5 1) IJjERnj&fc* V Vmzft^lrZ 2 If y h£lTT'fc5^«> 

n^T^W9MC#5i^tll JWH*«B9»W»1 6 0 2 tt. £ 

Mrfc&Ha-z. z.<DmmoKm<Dmmmw:i 500 lawi qp s Kiiit 
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5 ff^l 6«[QAM©ii«iB.K&lWHW»!:*)fei-5»^, lGlQAMti 

>D b ©B8«j9S^9 ^o^p^X'fctttf, iiff Sl^Wti^-et 5. 

fl|#©ft*> OtBPS K^Pff -§"s ^/4V7fDQPS Kfils^ M S K 
15 3EPflT^ GMS KtWIt^GF S K«Hltft if© 1 6«QAMi 9 t>« 

1 6fcQAM<E>ftfc>!3fc:. 1 6 t^±©#tQ AM-^ 8 1^±© P S Kf iffi 

K /4V7fDQPS K^^f -§^^»^F#-4ti * tbfc GM S K^Plf 
20 3fcflH-3»£-; 5HtmiWttt8ri:fcJ:9QPSK«|HI*i:Wio 

jfe©^flg £r mm<Dmm*n ?z tizzy, 1 6 q AM^t^sn ufcm-a-o 

25 C/NT3dBtI) ^ ^^e>^T^5^-e s ^tll^tBERMI: 
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r r X*fem £ thfrfcm £ frfc 1 6^QAM<D<f-^^S^£<5V^. 6 4 fit 

mi d^mum^wm^i i oo©»Tt„ ^w^^ai^i 7 00(4, 

lUl 6^LfcglOT9&ffi^l 1 0 6t\m-tZ>t. ^n ? ^(DW 

7 O 1 ft. «P§^1 10 2 (015) J^feHHfcA* 

jt-c©3p*&iiNB*KWj u ¥^»t^^ei^i 7 o 2{ctti77-r5 0 #1 

S|ZJ&«^ig(g«W«P 1 7 0 1 f±. A^J^tb^ 1 6IQAM©4H^ 

4filQAM{f *SrfiftUfc»£fc*3l*5 6 4lQAMffit© I 

jtt h s ^r^ffli-^o 

*V7T 1 7 0 311 S1I§1 10 2 (HI 1 5 ) d^A^^H^iE^I Q-^ 

mrj l 7 0 4 fi. 1 6-ftQ AMtlffi -^©SBCSE I b/HWR© i . 

m 2 0f± s 1 6iQAMli^St 6 4ffiQAMagSB*S:©fi#^EiS©— 
^ISr^-TH-efeSo 02O©itU 16fQAMffti-t*©6 4tQ 

Q AMft ^<D#<f I s QfiK^r± N ± a /V~ 2 1. ± 3 a /V 2 1 . ±5 
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a/f 21, ±7a/,T21©8il»i^6S:t5o 

U#VHSifffitPl 7 0 2f±, 021 ^^-Tct 9 ^ 1 6 jSEQAMff -^-(D-^tb 
fJl©ffi*^&a/V2 l©ffi*l-*>5 a//" 5±a/V 2 1, 3 a//" 5 
± a //" 2 1 131 LtvMft&RJEi - *. 
5 gft 9 ^J^§P 1 7 0 4 tt % r.©u#vH£Srfl3vvt\ ASSfcA^frS K Q^/& 

io flaw* try mr o*-^ try bmv &-&ibit£K Sff^'— ^ hft^v 

B P S KOifeP S Kl©Mt©^fc P roCTl©^ h/u&JBwr 

^fc_hx&Ufc«cD^l tcfcV^-Cttx b#V>flttJW3e»9 <D2W^oyt*©U 
15 f vMti: tt, QPSK3aWfll*©sF«&fll-9-^«(Ba|ci»U-C± (l-l/V 
5) a £ft5fl£«r/BV^;&5, ^^QPSKffi 1 6 fltQAMif #t t>m- 

«lj£U-CV^J&>e>T?*>5. ffcoT\ QP SKflft 1 6lQAMff©i^i 

, 022 jc^i- <fc 5 t-s qps Kft ^wmt 

1 6fflQAM|f^©Mf»^^-^t5lffi^TA (OttQPSK 

(o^^m^tmm*^ u tiji 6iQAMff^©«t^t) <dh&k 

buI5L^V^^± (2X3) aK:K3rr^tfJ:V\ 

^ivii sp*&^#^ig*Sa^*|-Ur± (l±l/7~ 2 1) ai/iSf^ 

ffiV^J&Ss ^frtfiQP SKffi 6 4flffQAM{f^-^>6^— 
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ta^fcis, ^ffi<z>|ifimir^PSb-f. **5#rt- (6) 

;h,*Lff J:V\, ^oT. «*.tfU#V^jai5ftNaa»bl 6QAMfttH:*S 
*y hmVWLN e Sr^T© (11) ^®<):9^fe^ (12) 
15 16QAM{ft©lfs'b»ftNb (=2XN=4XNsym)«t5 

Ne = l. 5 XNa (1 1) 

p e =Ne/Nb 

= (1 . 5 XN a) / (2 XN) 
20 =0.7 5 XNa/N C 1 2) 

#Wfi&, QP SK^lflf Mia l^tti (1-1/V5) 

ai^5K«U §r>yt^©IQ^ h^* 5 (1) 5£t>L<B: (2) 
Sl^^SrWfc-t-^fcfiffi^J^ 5 t> © £ b-C# ? £^ ^ 

f^ft^*^^-^^ L#V^ths_i2, ths_q2HT (l 
+ i /r 5 ) a £: ft 5{jt^r £ b mBS!J£ U ftfll v-^*><£ I Q-^ = 
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(r i , r q) &UT<D (13) 5fct> b< f* (14) &,&ffifr~rW&\Z t> . -t 

D^Ojf&IE©*:* Kites (5) SC^fc D KifitT© (1 5) a*JBV\h,«tJ:v\, 

5 ri <— ths i 2 or ths i 2 < ri 

(13) 

rq <— t h s_q 2 or ths q2 < rq 

(14) 

P e= (3/8) XP a ' (l 5) 

OUfHltfC, QPSKaeP^^^fi^Jglia^SstUTi (1±1 
/V2 1) ai:45 2»»3 ©IfcSrIBJtU SflTV^^O I Q-<^ b/V^EI 1 
2 fc: 38 5 «# ftffiH rtCAo fc«^ dSHf $1 ^|Rij^Cfct>©fcb"C* 
V^fkJ^t V * >- r--T5#J5£<t Lfc^ -tLfc|S5t>©-ett3&v> 0 Mill 
15 ifHi^lRk Qtt^[Rj#^O^l-*3V^T, UtVMfit h s_i 2 S ths_q 
2£ (1-1/V~2 1) (D^ttSUs gff^y^VKD I Q-<^ ^rx=(r 
i, r q) as£TF© (16) 5£t>L<fi (17) itSrStfc-tl&^-s ^tfr-eti 

20 ©ffijE^fcfe^^ (1 0) 5£G>ft*>9 fc:£AT© (1 8) *SrJlV\h,f£.fcV\ 

— ths i2<ri<ths i 2 (16) 

- t h s_q 2 < r q < t h s_q 2 ••: (17) 

Pe= '(7/1 2) XPa' ' (1 8) 

*fc±5fibfcHlfc©^t»T?W:. MUHttfcfy h»t)^^J/ hSSt>£r#«>3 
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io m<Dtt&y) \z.w%. (Dyu—M^icey hmo Mfeaii" 
15 AM©^flc«j* ^ « p e <drb ^f*s mm^mm 2 ( 1 

* it ±.& ^ftmmvjtm 5 > 6 xf±> t^p^kj: sj^u*®^* 5 ^ 

fl*£>I£#fc: £ 9 iiit^e looo. 1400 -cSfSiteSfr ufcH-g^-o^xra 

Srl-S^tUXtxt^U ^P^pJW^i tTi^fSi t UX 
25 t>«fcV\ 
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m^xm v niE^mt^^mM^mx^fi^ mum r> wm^m t 

fr]^#>mrtx&iin-££i'\ 
*tc±& ^mmcomm 3 ~ e xn, w^v^t K&^xmfo&m^ «t 9 

a«*fr5»£\ 100. 15 0 o-«««Wi-*KU:«P*5«© 

fc«*H*«&/BVvf'fc. lififl 1 0 0. 1 5 0 o*s»l^*ri#W^« 

*tc±ftvtcnm<Dj&mxn. m^mm^mm^x\-^m0.u^m 

T^S^l^QPSKi: 1 6lQAMi L^^oV^^fc^ N # 

w*^ 3p*&flr-g-Awra»«Dc-T?*>s*3©aEP^5«:csr«3eu Da> 

Db>Dc tV^5 HtM^^fifc tJ 5EO#HH3U aaW^As B. C©3«R©Wt? 

mum v «wj*frv\ shp^b os««F^r±«p^*co»ia»«J ftmsrfr 
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AM-»5^ * 6 44ttQAMKli3rJ-5«« 3 W3£tryb»0«>feD5» 
$PaH 4IQAM©4*«*^5' hS^M^P e ©IBtCttx (3) ^©1 

Mi^j^m ^ tfcds 6 m&T<Dm&K\^ 6 4«qam^© if y vm r> m 
20 M?Lt£±m<o£ 5 ftifti-eft&iHSRS^s' hafts v***?^ h ^xmv 

fc6 0 l^aaBk UQP SKfiWQAMti 9 3®£3EWtf*lfe 

25 £*tfc«U 2rai: tt^^^ h7^tiaof 
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?&ifr;9-#J#jt (OFDM (Orthogonal Frequency Division Multiplexing) ) 

5 m&m&MLxy-?$:fcmi-%mmziA;< mm-rz ^t&x% s 0 
M^t'^ hmv m&wtti~fz>WF&iz-D^x&'<fr&^ *mwi*^ti\zmb-r, 

<DW$.W9$ IrFPGA (Field Programmable Gate Array) > A S I C 
(Application Specific Integrated Circuit) . CPU (Central Processing 
10 Unit) ^D S P (Digital Signal Processing) <£ D £ t b"C <b 

iv^r ttem 5&xh?&\ 

(Read Only Memory) Ictfcfft LTJ5t, Wn^7AS:CPU (Central 
Processor Unit) tio XWj^f £ 3 £ 5 M LT t> £ V \, 

20 * m <Dmm& * mn-r ^-m-sr? ^ 

— ^ CORAM (Random Access memory) fcfB® LT\ nyt'a^^W 
25 5o 
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mmm^m-^mtLm^m^x, m 1 (omm^tm^^m 2 (Dmm^^x 

m Sf^W5 r t ftx^ 5i5 ^&6 0 

1 (ommJj^xT^ ^p^mmzthfrm 1 o-rv ^-<d^ 

10 y*Vi/© I QSJz®_LT'<Z>2p^£fi£ > $g 2 ^H^^-tV v^/l^f§ $*L-5 
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5 i:tI^^IQ¥®±WttV«It«t5tfVilI^Tyyi:, MS 
fflT#© I Q¥S±T»©fith ft 2 ©xV ^^;«f^©^^^>© I Q 

y hflr#© 1 Q^m±x-<D^im^mmv^^mt\m^it^m 
ft^^w-^ k^j© 1 Q5pffiJt-t?©{ugi:^ ft 2 ©t=v ^/i-mmm^ 

&*sistfjv(D 1 QTO_b-e©ai^-b©^^^^^^^ 1 QTOi-c© 
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tfyhflR0*S (XttSl^tftf) S^W^c 

mftt5$(t¥«^ smut* i ©aep^Ao^-f i?^A*wi*oi 
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ft 5 - t &X*% 5 «t 5 ^45. 
/N A c Kff -§-£i£{f 1~5o 

it5^^-e#, aflffl^T»t)R#OACK/NACK«t*fflV^, « 

1 «>^sfi»^Kw jb 2 basflr*^» 1 <o*mttr?r 

© i: , sit ^m- a v &m vr^m 1 (o&mttn^ * ^^mmm^nofs^ 
^m^x^m^m^mm^w^mm-m^^mm&Kmum^^ 

am sscuufc c-c, mit^m<Dmmmm*n 1 ©aEpasa* 2 o^p^s 

t?# 6 n jcfc 9 . mm fpf^SfpSti^ Ufc^^flW******* 
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oxmttof-A v*^mm*<Dm^&<zmzm^x, m 1 ©am*** 

® 9 #*-caHrr?# sr^i^^ Kit* ufc 

A«wr*©fll**tt«fcK<5v^-c. ft i ©W^*****2 WtWrt? 
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*W3BB»tt< 2OOl¥8^220ffl«l2OOl-2 5 1 9 4 O, 2 
00 2¥3fll3Bffli©*i2 00 2-6 8 8 3 UO<2 0 0 2^1 
10 BffliOWI2002-22 5 203K«<J<. *©rt*tt^-C - - 

15 t>(D"t?fe>5o 
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^osp^lig ^ , SfrfBJg 2 cd»^-T?tV /HSEW £ 2 ^ 

20 I Q¥B±-C«© V^fliltS Vilfffl^f f , HH^A^^S 

mmisXfcmvtcm&w? fi^»i^wu ^km^^ntif&mm^ 

25 It^fe 
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